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CERAMIC HEATER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a ceramic heater element. typi 

cally a rapid temperature rise heater element. a method for 
preparing the same. a method for forming a silicon oxide 
protective ?lm on a silicide-containing conductive material 
used in a ceramic heater element. and a doctor blade 
apparatus and method for preparing a green sheet for use in 
the manufacture of a ceramic heater element. 

2. Prior Art 
Rapid temperature rise heater elements are disclosed in 

Japanese Patent Publication (JP-B) Nos. 28467/1989 and 
61832/1992. for example. The rapid temperature rise heater 
element disclosed in JP-B 28467/1989 constitutes a glow 
plug for use in automotive Diesel engines. It is prepared by 
charging a hot press mold with a source powder of silicon 
carbide (SiC) having a well-known sintering aid (e.g.. B4C 
and A1203) added thereto. placing a linear body having a 
linear heater section of a high-melting metal material mainly 
of tungsten. molybdenum or the like on the source powder 
at a predetermined position. ftnther feeding the source 
powder thereon to bury the linear body. and ?ring under 
pressure at about 2.000° C. by a hot press method. Voltage 
is applied across the exposed ends of the linear body to 
generate heat. 
The rapid temperature rise heater element disclosed in 

JPB B 6183211992 is an electric resistor which is as a whole 
constructed from 30 to 70% by volume of a nitride selected 
from the group consisting of silicon nitride. aluminum 
nitride. boron nitride. and mixtures thereof. 10 to 45% by 
volume of silicon carbide. and 5 to 50% by volume of 
molybdenum disilicide. has a density of at least 85% of the 
theoretical density. and includes an exothermic zone and a 
non-exothermic zone having different compositions. More 
particularly. a material providing a high resistance upon 
sintering and another material providing a low resistance 
upon sintering are formed as two layers which are hot press 
?red. The sintered body is machined in a direction perpen 
dicular to the direction of the layers to provide a U shape. 
Voltage is applied across the two free legs of the U shape 
whereby heat is generated at the connecting portion. 
The rapid temperature rise heater element of JP-B 28467/ 

1989 is prepared by hot press ?ring the source ceramic 
powder and the linear body such that the linear body serving 
as a heater is buried in the ceramic compact. Then heater 
elements must be manufactured one by one in a substantial 
sense. The manufacturing process is less ef?cient and takes 
a long time. This is also undesirable for cost. And the buried 
heater is low in thermal e?icacy as compared with a heater 
exposed at the surface of a structure. 

Also the rapid temperature rise heater element of lP-B 
61832! 1992 is prepared by machining a sintered conductive 
body of two layers having different resistance values into a 
redetermined shape. typically a U shape. Since the sintered 
ceramic material has high hardness. machining of such high 
hardness material requires a substantial cost and is less 
e?icient. 
A similar caamic heater is known from Japanese Patent 

Application Kokai (JP-A) No. 104581/1986. Also in this 
case. ceramic heaters must be manufactured one by one 
since they are U shaped. The manufacturing process is less 
e?icient and expensive. 

Prior art ceramic heaters have the problems that they tend 
to crack due to thermal impact if used as rapid temperature 
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2 
rise heater elements to provide a temperature rise rate of less 
than about 10 seconds from room temperature to 1.000° C. 
or 1.500“ C.. and that they are less durable in that their 
electrical resistance deteriorates during long term operation. 

Ceramic heater elements like rapid temperature rise heater 
elements for gas ignition often use oxidation resistant 
molybdenum disilicide to form an exothermic section. 
However. molybdenum disilicide exhibits electroconductive 
properties like metal. That is. when heated at elevated 
temperatures of higher than 1.000° (1.. its electrical resis 
tance becomes higher than the resistance at room tempera 
ture by a factor of 3.5 or more. Thus molybdenum disilicide 
rather obstructs rapid temperature rise. 

This problem is overcome by adding silicon carbide SiC. 
However. a ceramic material having SiC admixed therein 
becomes diflicult to sinter and requires hot press ?ring. Then 
the ?ring process becomes less productive. Firing results in 
a very hard sintered body which must be subject to 
machining. for example. processing into an element shape. 
Cost reduction is di?icult for these reasons. The addition of 
SiC has another problem that SiC which is a semiconductor 
can react with impurities in element-forming ceramic mate 
rial. It is then di?icult to control the resistance value of the 
element. The element is unstable since a resistance change 
occurs during use. 

Further. since ceramic heater elements like rapid tempera 
ture rise heater elements for gas ignition are directly exposed 
to ?ame over a long time. it is recommended that molyb 
denum disilicide and other conductors used in the exother 
mic section be coated at the outer surface with a protective 
?lm which is chemically and thermally stable. heat resistant 
and oxidation resistant. One prior art method for forming a 
protective ?lm on a silicide conductor is by ?ring a silicide 
conductor in a furnace in a non-oxidizing atmosphere. 
typically argon. to form a sintered body. and exposing the 
sintered body to an oxidizing atmosphere at high tempera 
ture for a predetermined time. thereby forming a silicon 
oxide protective ?lm on the surface of the conductor. There 
fore the prior art method of forming a ceramic heater 
element having a silicon oxide protective ?lm required two 
heat treatments. ?ring in a non-oxidizing atmosphere and 
?ring in an oxidizing atmosphere. resulting in cumbersome 
manufacture. The silicon oxide protective ?lm has another 
problem of cumbersome manufacture in that when terminal 
electrodes are attached to the sintered body. unnecessary 
ortions of the silicon oxide protective ?lm must be removed 
as by grinding or machining. 
As previously described. molybdenum disilicide is often 

used in ceramic heater elements like rapid temperature rise 
heater elements for gas ignition since it has excellent elec 
trical properties such as temperature dependency of resis 
tance and chemical stability such as oxidation resistance. 
However. molybdenum disilicide is a non-oxide ceramic 
substance and less adhesive to electrode metal. No su?cient 
bond is established when electrodes are formed by coating 
and baking conventional silver paste. Therefore. for con 
ventional molybdenum disilicide heater elements. electrodes 
of metallic aluminum are formed by aluminizing processes 
including evaporation and thermal spraying. Aluminum is a 
good electric conductor and thus form satisfactory 
electrodes. but has a relatively low melting point of 650° C. 
and is less resistant against heat. Then careful design must 
be made to position the electrodes remote from the exother 
mic section such that the electrodes may not be heated to 
high temperature. This results in elements being undesirably 
increased in length. 

In general. ceramic rapid temperature rise heater elements 
include exothermic sections which can be cracked or broken 
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by thermal expansion upon rapid temperature rise. This 
problem is aggravated by the use of molybdenum disilicide 
having a higher coe?icient of thermal expansion. 

In the prior art. multi-layer ceramic electric or electronic 
parts are generally fabricated by previously preparing a 
plurality of ceramic green sheets. stacking the sheets and 
?ring the stacked sheets. It is sometimes desirable that a 
ceramic sheet has two or more regions of diiferent compo 
sitions or different materials. Such a ceramic sheet is fabri 
cated by separately forming green webs of different com 
positions by a doctor blade technique or the like. cutting the 
webs into strips of a predetermined width. and joining the 
strips to form a ceramic green sheet. Joining of the ceramic 
green strips cannot be achieved simply by abut joint. In the 
prior art. the ceramic green strips along their sides to be 
joined are cut to high precision and joined together into an 
integral sheet by thermo-compression bonding. The sheet is 
then ?red. The manufacturing process is thus cumbersome. 
The resulting sheet is less reliable in that the strips joined 
therein can be separated or cracked at their joint due to 
thermal cycling. 

OBJECTS OF THE INVENTION 

A ?rst object of the present invention is to provide a 
ceramic heater element which can be manufactured in an 
e?icient and inexpensive manner and is durable while still 
retaining rapid heater performance and a method for manu 
facturing the same. 
A second object of the present invention is to provide a 

ceramic heater element which is easy to control its electrical 
resistance value. experiences minimal variation of resistance 
during operation. and features low cost and high perfor 
mance. 

A third object of the present invention is to provide a 
simple method for forming a silicon oxide protective ?lm 
and a ceramic heater element having a silicon oxide protec 
tive ?lm formed by the method. 
A fourth object of the present invention is to provide a 

ceramic heater element based on a molybdenum disilicide 
material and having terminal electrodes which are heat 
resistant and well bondable and a method for manufacturing 
the same. 

A ?fth object of the present invention is to provide a 
ceramic heater element which is improved in structure to 
mitigate stresses induced by thermal expansion so as to 
restrain crack occurrence and failure and a method for 
manufacturing the same. 
A sixth object of the present invention is to provide a 

doctor blade apparatus which can manufacture a ceramic 
green sheet including two or more substantially integrally 
joined regions of diiferent compositions or materials and a 
method for manufacturing such a ceramic green sheet. 

SUMMARY OF THE INVENTION 

Brie?y stated. a rapid temperature rise heater element 
according to the present invention includes a generally 
rectangular sintered insulating ceramic layer having ?rst and 
second opposed major surfaces and longitudinally opposed 
ends. An exothermic section extends from the ?rst to the 
second major surfaces of the sintered insulating ceramic 
layer across one end thereof and is formed of a high 
resistance conductive ceramic material. First and second 
lead layers are disposed on the ?rst and second opposed 
major surfaces of the sintered insulating ceramic layer. 
respectively. in contact with the exothermic section and 
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4 
formed from a low resistance conductive material. A voltage 
is applicable across the exothermic section through the ?rst 
and second lead layers whereby the exothermic section 
develops heat. 

In a ?rst form. the present invention provides a rapid 
temperature rise heater element comprising a sintered insu 
lating ceramic layer having opposite major surfaces. an 
exothermic section. and ?rst and second lead layers. The 
exothermic section includes ?rst and second sintered high 
resistance conductive ceramic layers formed on the sintered 
insulating ceramic layer by applying a high resistance con 
ductive ceramic material to at least portions of the opposite 
major surfaces thereof. respectively. and a connecting por 
tion formed integally with the ?rst and second sintered high 
resistance conductive ceramic layers from the high resis 
tance conductive ceramic material. an electric current path 
extending from the ?rst to the second sintered high resis 
tance conductive ceramic layer through the connecting por 
tion. The ?rst and second lead layers are disposed on the 
same opposite major surfaces as the ?rst and second sintered 
high resistance conductive ceramic layers or at least portions 
of the surfaces of the ?rst and second sintered high resis 
tance conductive ceramic layers and electrically connected 
to the ?rst and second sintered high resistance conductive 
ceramic layers. the ?rst and second lead layers each being a 
sintered conductive ceramic layer formed from a low resis 
tance conductive ceramic material. Preferably. the element is 
dimensioned about 100 to 2.000 pm thick. about 200 to 
5.000 urn wide. and about 15 to 70 mm long. The sintered 
insulating ceramic layer and the ?rst and second sintered 
high resistance conductive ceramic layers each have a 
thickness of about 1 to 1.000 pm. The exothermic section 
has a total thickness of about 100 to 2.000 pm. 
The present invention also provides a rapid temperature 

rise heater element comprising a sintered insulating ceramic 
layer. an exothermic section joined to the sintered insulating 
ceramic layer. and ?rst and second lead layers for applying 
voltage across the exothermic section. The sintered insulat 
ing ceramic layer. the exothermic section. and the lead layers 
are formed of ceramic compositions composed mainly of a 
?rst insulating component in the form of an identical metal 
oxide and a second conductive component in the form of an 
identical metal silicide and/or carbide. the ?rst and second 
components being blended in a volume ratio of from 10:0 to 
8:2 for the sintered insulating ceramic layer. from 7.5225 to 
5.5:4.5 for the exothermic section. and from 5:5 to 0:10 for 
the lead layers. 

Preferably. the metal oxide is selected from the group 
consisting of aluminum oxide. zirconium oxide. chromium 
oxide. titanium oxide. tantalum oxide. silicon oxide. mag 
nesium aluminum oxide. silicon aluminum oxide and mix 
tures thereof. 

the metal silicide is selected from the group consisting of 
molybdenum silicide. tungsten silicide. and chromium 
silicide and mixtures thereof. and 

the metal carbide is selected from the group consisting of 
silicon carbide and titanium carbide and mixtures 
thereof. 

Preferably. at least one of the sintered insulating ceramic 
layer. the exothermic section. and the lead layers contains up 
to 10% by weight of an alkaline earth metal oxide. yttrium 
oxide or rare earth metal oxide. 
The heater element may further include a protective ?lm 

covering the outer surface of the element. the protective ?lm 
being chemically and thermally stable. heat resistant. and 
oxidation resistant and formed of at least one of silica. 
alumina and chromia. 
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Preferably. at least one of the sintered insulating ceramic 
layer. the exothermic section. and the lead layers contains up 
to 2% by weight of silicon carbide. 

Preferably. the connecting portion includes at least three 
layers. among which an intermediate layer has a greater 
electrical resistance than outside layers. Preferably. the 
intermediate layer has a thickness which is substantially 
equal to or different within 120% from the thickness of the 
sintered insulating ceramic layer and is formed contiguous 
to the edge of the sintered insulating ceramic layer. 

Preferably. the first and second lead layers have an 
electrical resistance which is not greater than 1/10 of the 
resistance of the exothermic section. 
The rapid temperature rise heater element mentioned 

above is prepared by a method comprising the steps of: 
forming the sintered insulating ceramic layer. the exother 
mic section. and the ?rst and second lead layers as layers all 
in a green state. stacking the layers. and ?ring the layers. 

In a second form. the present invention provides a rapid 
temperature rise heater element comprising an exothermic 
section which is formed of a sintered ceramic composition 
containing a molybdenum silicide-aluminum oxide mix 
material having a resistivity of 1x10“2 to 5><l0° Qcrn as a 
major component and 0.01 to 10% by volume. preferably 
0.05 to 5% by volume of at least one additive selected from 
the group consisting of carbides of Zr. W. Ta. Ti. Nb. Hf. and 
Mo. 

Preferably. when the ratio R of the resistivity of the 
exothermic section at a temperature of at least 1.000° C. to, 
the resistivity of the exothermic section at 20° C. is plotted 
on the ordinate and the element temperature T (°C.) is 
plotted on the abscissa of a diagram. the exothermic section 
has a temperature coe?icient of resistance falling within the 
region de?ned and encompassed by the line R=Tl1000 and 
the line R=3Tl 1000 in the diagram. 
The heater element may further includes a protective ?lm 

covering the outer surface of the element. the protective ?lm 
being chemically and thermally stable. heat resistant. and 
oxidation resistant and formed of at least one of silica. 
alumina and chromia. 

In a third form. the present invention provides a method 
for forming a silicon oxide protective ?lm on a conductor 
containing a silicide. comprising the step of conducting 
electricity through the silicide-containing conductor in an 
oxidizing atmosphere for a predetermined time so that the 
conductor itself is heated to a temperature of at least 1.000° 
C.. thereby forming a dense silicon oxide protective ?lm on 
the surface of the conductor. Preferably. the temperature to 
which the conductor is heated by electric conduction is 
higher than the temperature to which the conductor will heat 
up during use. During the electric conduction. the conductor 
is preferably maintained in a non-oxidizing atmosphere 
while the conductor is at a temperature in the range of 0400 
to 800° C. 
The present invention also provides a rapid temperature 

rise heater element comprising a sintered insulating ceramic 
layer having opposite major surfaces; an exothermic section 
including ?rst and second sintered high resistance conduc 
tive ceramic layers formed on the sintered insulating 
ceramic layer by applying a high resistance conductive 
ceramic material to at least portions of the opposite major 
surfaces thereof. respectively. and a connecting portion 
formed integrally with the ?rst and second sintered high 
resistance conductive ceramic layers from the high resis 
tance conductive ceramic material. an electric current path 
extending from the ?rst to the second sintered high resis 
tance conductive ceramic layer through the connecting por 
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tion', and ?rst and second lead layers disposed on the same 
opposite major surfaces as the ?rst and second sintered high 
resistance conductive ceramic layers or at least portions of 
the surfaces of the ?rst and second sintered high resistance 
conductive ceramic layers and electrically connected to the 
?rst and second sintered high resistance conductive ceramic 
layers. the ?rst and second lead layers each being a sintered 
conductive ceramic layer formed from a low resistance 
conductive material. 

wherein the conductive ceramic material contains a sili 
cide and correspond to the conductor recited above. the 
exothermic section has a silicon oxide protective ?lm 
formed thereon by the above-de?ned method. and the 
silicon oxide protective ?lm formed by self-heating 
extends only on the exothermic section and those 
portions of the ?rst and second lead layers contiguous 
thereto. 

In a fourth form. the present invention provides a molyb 
denum silicide system material element comprising a main 
body of a material composed mainly of molybdenum silicide 
and a terminal electrode attached thereto of an electrode 
material containing a ?rst component selected from the 
group consisting of Mo. W. and Si and mixtures thereof and 
a second component selected from the group consisting of 
Fe. Co. and Ni and mixtures thereof. 

Preferably. the electrode material contains M0 in an 
amount of 70 to 100% by weight of the ?rst component and 
the second component in an amount of 30 to 90% by weight 
of the total weight of the electrode material and in this 
embodiment. the terminal electrode is formed by baking the 
electrode material to the main body at a temperature in the 
range of l.050° to l.400° C. In another preferred 
embodiment. the electrode material contains W in an amount 
of 70 to 100% by weight of the ?rst component and the 
second component in an amount of 18 to 83% by weight of 
the total Weight of the electrode material. and the terminal 
electrode is formed by baking the electrode material to the 
main body at a temperature in the range of l.l00° to 1.450° 
C. In a further preferred embodiment. the electrode material 
contains Si in an amount of 70 to 100% by weight of the ?rst 
component and the second component in an amount of 65 to 
97% by weight of the total weight of the electrode material 
and the terminal electrode is formed by baln'ng the electrode 
material to the main body at a temperature in the range of 
950° to 1.300" C. In all these embodiments. the electrode 
material may contain Ni in an amount of 70 to 100% by 
weight of the second component. 

In a ?fth form. the present invention provides a rapid 
temperature rise heater element having opposite ends. com 
prising an insulating ceramic layer. a resistance body joined 
to the insulating layer. and a pair of electrodes disposed at 
one end. wherein the resistance body de?nes an exothermic 
section at the other end. and the exothermic section is 
provided with means for relieving stresses. the stress reliev 
ing means including at least one slit or a plurality of small 
apertures. Preferably the stress relieving means is at least 
one slit extending along a current path which extends 
through the resistance body between the electrodes. 

Such a rapid temperature rise heater element is prepared 
by a method comprising the steps of forming the insulating 
ceramic layer and the resistance body as layers in a green 
state. stacking the layers. forming the stress relieving means 
in the stack. and ?ring the stack. 

In a sixth form. the present invention provides a doctor 
blade apparatus for applying ceramic slurry to a base ?lm 
traveling in one horizontal direction. comprising 

a container disposed on the base ?lm. the container having 
vertical Walls defining a generally rectangular shape in 
a horizontal cross section. 
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a doctor blade associated with that wall of the container 
disposed on the downstream side with respect to the 
traveling direction of the base ?lm. 

the containm' being partitioned into at least two slurry 
receiving compartments by at least one partition dis 
posed in the container and extending in the traveling 
direction of the base ?lm. the partition including a 
downstream end portion having a transverse width 
which is tapered in the traveling direction of the base 
?lm. 

feed means for feeding slurry to the compartments. 
detector means associated with the respective compart 

ments for detecting the level of slurry therein. and 
means associated with the feed means and the detector 

means for controlling the levels of slurry in the com 
partments constant. 

The feed means feed slurries of different compositions to the 
compartments. As the base ?lm travels. the slurries are 
applied in the form of at least two parallel strips to the base 
?lm. with the slurry strips being automatically joined along 
their adjacent longitudinal edges. 

Also provided is a multi-layer ceramic electric or elec 
tronic part prepared by stacking a plurality of green ceramic 
sheets and ?ring the stacked layers. at least one of the green 
ceramic sheet being prepared by means of the doctor blade 
apparatus de?ned above. 

BENEFITS OF THE INVENTION 

The ceramic heater element of the present invention is 
most often a heater element intended for rapid temperature 
rise. A predominant portion or the entirety of the ceramic 
heater element is prepared simply by placing ceramic green 
sheets one on top of the other and cutting the stack into a 
strip shape. followed by ?ring. Since a plurality of elements 
can be integrally and concurrently prepared until the ?ring 
step. the process is e?icient. The subsequent steps are simply 
to cut the green stacked structure into strips and to fire them. 
The overall process is e?icient and cost effective. 
The rapid temperattn'e rise heater element disclosed in 

JP-B 61832/1992 has a U shape containing a notched space 
inside and thus provides insu?icient strength. which requires 
the two perpendicular legs to have a substantial thickness. 
resulting in a large size as a whole. This element is less 
durable. In contrast. the ceramic heater element intended for 
rapid temperature rise according to the present invention 
uses a sintered insulating ceramic layer and an exothermic 
section and leads integated therewith. The exothermic sec 
tion is formed integral with the end and side surfaces of the 
distal portion of the sintered insulating ceramic layer. The 
entire structure is generally con?gured as an integral plate. 
Then the element provides strength and allows for size 
reduction. The size reduction leads to the great advantages 
that the element requires less energy for a temperature rise. 
is resistant against thermal impact and durable against 
repetitive rapid temperature rise over time. 
The sintered insulating ceramic layer. exothermic section 

and leads are constructed from compositions predominantly 
comprising identical components including an oxide and a 
silicide and/or carbide. but in a ditferent mix proportion. 
Then the overall layer structure is fully durable in that it does 
not experience crack occurrence and resistance deterioration 
upon repetitive rapid temperature rise over time. If a nitride 
is contained. the element would exhibit NTC characteristics 
and be impractical unless it is sintered in nitrogen. Without 
using nitride. the invention removes such a restrain from 
sintering conditions and ensures consistent manufacture of 
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8 
elements having improved PTC characteristics and hence. 
improved temperature rise characteristics. 

It is to be noted that IP-A 202470! 1989 discloses a 
ceramic heater in the form of a sintered body comprising an 
insulating layer and a conductive layer integrally formed 
above and below and at one end of the insulating layer. with 
leads attached to the sintered body. No lead layers are 
formed integral with the sintered body. Since the element as 
a whole is a heater and subject to temperature rise. the lead 
connections must withstand high temperature. It is quite 
di?icult and impractical to maintain the bond strength of the 
lead connections even when the element generates heat to 
high temperature. It might be possible to secure contact by 
mechanical pressure such as by springs. Nevertheless. few 
materials withstand high temperature and if any. it will not 
last long. Another possible means is to secure the connec 
tions with cement. None of these means is successful in 
avoiding temperature rise of the lead connections. 

In the ceramic heater element of the invention wherein a 
molybdenum silicide-aluminum oxide mix material is used 
to construct the exothermic section. by adding a suitable 
amount of metal carbide to the mix material. it becomes 
possible to impart a semiconductor-like electric resistance 
temperature curve to thereby control a temperature coe?‘l 
cient of resistance positive. In this regard. it is desirable that 
the additive itself does not show a semiconductor behavior. 
but cooperates with the exothermic section composition to 
exhibit a semiconductor behavior. The metal carbide used is 
at least one of 21C. WC. TaC. TiC. NbC. HfC and MoC. 
which allows for ?ring without a hot press. 

Since it is possible to effect machining on elements at the 
stage of green chips prior to ?ring. the machining is quite 
easy. leading to a cost reduction. This is advantageous 
particularly when a slit is machined as a means for relieving 
stresses for increasing the capacity of the heater element as 
will be described later in detail. 
The silicide conductor has the advantage that a silicon 

oxide protective ?lm forms on the surface thereof by self 
heating. This eliminates a conventional step of placing a 
sintered body into a furnace of an oxidizing atmosphere for 
heat treatment. A silicon oxide protective ?lm is formed in 
a simple manner and at a low cost. 

In the prior art. a silicon oxide protective ?lm is formed 
over the entire surface of a sintered body. To complete a 
heater element by applying terminal electrodes. unnecessary 
portions of the silicon oxide protective ?lm must be 
removed. According to the present invention. formation of a 
silicon oxide protective ?lm is effected after an element 
structure is completed. eliminating the step of removing the 
silicon oxide protective ?lm. This also allows for simple. 
low cost manufacture of ceramic heater elements. 
Where the heater element uses molybdenum silicide as a 

major component thereof. at least one ?rst component 
selected from the group consisting of Mo which is one 
constitutional element of molybdenum silicide. Si. and W 
having similar properties to M0 is combined with at least 
one second component selected from the group consisting of 
Fe. Co. and Ni having excellent plating adherence to provide 
an electrode-forming material which can be applied to the 
element or molybdenum disilicide body by paste baking 
techniques. forming terminal electrodes bonded to the ele 
ment with a high bond strength. Since the resulting terminal 
electrodes experience little change of resistance with time. 
the ceramic heater element provides stable performance. 

In the preferred ceramic heater element of the invention. 
the exothermic section is provided with a means for reliev 
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ing stresses in the exemplary form of a slit or small apertures 
to substantially divide the exothermic section into two or 
more zones whereby stress induction is suppressed to pre 
vent cracking and failure of the entire exothermic section. 

Although JP-A 80786/1986 and 10458111986 disclose 
heater elements having slits formed in the exothermic 
section. these slits are provided mainly for the purpose of 
improving uniform heat generation throughout the heater 
element. but not for the stress relief purpose as in the present 
invention. The heater elements disclosed in IP-A 80786! 
1986 and 104581/1986 include the exothermic section 
which is a resistor of a single material. but not an integrally 
shaped and sintered structure of insulating and resistance 
layers as used in the present invention. A slit formed in such 
a resistor body will act and function in a different way from 
the slit used in the present invention. 

According to the present invention. in manufacturing a 
ceramic heater element. a ceramic green sheet including 
regions of different compositions or materials is formed as 
an interconnection of wet regions with adjacent longitudinal 
sides closely adjoined to each other. During subsequent 
?ring. these regions are closely and ?rmly joined along the 
boundary without special means like therrno-compression 
bonding. This is because materials of the respective regions 
interrnix at the boundary or joint. High bond strength at the 
joint restrains separation or crack occurrence at the joint 
upon thermal cycling after ?ring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1. 2 and 3 are perspective views of exemplary rapid 
temperature rise heater elements according to different 
embodiments of the present invention. 

FIG. 4 is a diagram wherein resistance ratio R is plotted 
relative to element temperature T for illustrating a tempera 
ture coe?icient of resistance. 

FIG. 5 is a perspective view of an exemplary rapid 
temperature rise heater element having a stress relieving slit 
according to a ?fth form of the present invention. 

FIG. 6 is a plan view of the slit heater element of FIG. 5. 

FIGS. 7 and 8 are perspective views similar to FIG. 5 
showing other exemplary slit heater elements. 

FIG. 9 is a perspective view of a further exemplary rapid 
temperature rise heater element having a stress relieving slit 
according to the ?fth form of the present invention. 

FIG. 10 is an enlarged plan view of the exothermic section 
of the heater element shownlin FIG. 9. 

FIG. 11 schematically illustrates a doctor blade apparatus 
used in forming a ceramic green sheet having different 
regions. 

FIG. 12 is a perspective view of the doctor blade appa 
ratus as viewed from the upstream side of the base ?lm 
travel direction. 

FIG. 13 is a perspective view of the doctor blade appa 
ratus as viewed from the downstream side of the base ?lm 
travel direction. 

FIG. 14 is a perspective view of a partition in the doctor 
blade apparatus. 

FIG. 15 is a block diagram showing a control system 
associated with the doctor blade apparatus of FIG. 11. 

FIG. 16 is a perspective view showing one layer in the 
rapid temperature rise heater element. 

FIG. 17 is a plan view showing the structure of a ceramic 
heater element sample constructed in Example 4. 
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10 
DESCRJPI'IONOF THE PREFERRED 

EMBODIMENTS 
First form 

Referring to FIGS. 1. 2. and 3. there are illustrated rapid 
temperature rise heater elements in the form of ceramic 
heater elements according to three preferred embodiments of 
the present invention. 
The rapid temperature rise heater element according to the 

invention is preferably con?gured as a generally rectangular 
plate and includes a sintered electrically insulating ceramic 
layer 1. an exothermic section 2. and ?rst and second lead 
layers 3 and 4. The overall con?guration of the element is 
preferably a plate as mentioned above although it may take 
another form like a cylinder. The exothermic section 2 
includes ?rst and second sintered high-resistance. conduc 
tive ceramic layers 2a and 2b which are formed on the entire 
area (FIG. 1) or selected areas (FIG. 2) of the upper and rear 
surfaces of the sintered insulating cmamic layer 1 from a 
relatively high resistance. conductive ceramic material into 
a planar or curvilinear plate form. The exothermic section 2 
further includes a connecting portion 2c which is formed 
integrally with the ?rst and second sintered high-resistance. 
conductive ceramic layers 20 and 2b from a relatively high 
resistance. conductive ceramic material such as to form an 
electric current path which extends from one to the other of 
the ?rst and second sintered high-resistance. conductive 
ceramic layers 2a and 2b around a portion of the periphery 
of the sintered insulating ceramic layer 1. the distal edge of 
the sintered insulating ceramic layer 1 in the illustrated 
embodiments. The distal edge is the left edge in FIGS. 1 to 
3. 
The ?rst and second lead layers 3 and 4 are formed 

contiguous to the ?rst and second sintered high-resistance. 
conductive ceramic layers 2a and 2b. In the embodiments of 
FIGS. 1 and 3. steps are provided in the ?rst and second 
sintered high-resistance. conductive ceramic layers 2a and 
2b and the ?rst and second lead layers 3 and 4 are formed 
on those rear reduced thickness portions of the ?rst and 
second sintered high-resistance. conductive ceramic layers 
2a and 2b which extend rearward from the steps to the rear 
ends. Preferably the opposed surfaces of the ?rst and second 
lead layers 3 and 4 are ?ush with the opposed surfaces of the 
?rst and second sintered high-resistance. conductive ceramic 
layers 2a and 2b . respectively. In the embodiment of FIG. 
2 wherein the ?rst and second sintered high-resistance. 
conductive ceramic layers 2a and 2b are limited to the 
selected areas of the sintered insulating ceramic layer 1. the 
?rst and second lead layers 3 and 4 are formed on the rear 
portion of the sintered insulating ceramic layer 1 such that 
they form surfaces ?ush with the opposed surfaces of the 
?rst and second sintered high-resistance. conductive ceramic 
layers 20 and 2b. 

In the above-mentioned construction. the rapid tempera 
ture rise heater element of the invention is preferably 
con?gured as a generally rectangular plate as illustrated in 
the ?gures and has the exothermic section 2 formed at the 
longitudinally distal end of the plate. The “exothermic 
section” used herein is not limited to a resistance layer. but 
may also include a portion of the sintered insulating ceramic 
layer 1 along with the resistance layer. More speci?cally. the 
exothermic section is a section which serves to develop heat 
in a substantial sense and designates the distal portion of the 
element which extends to the distal side from the (distal) 
edges of the lead layers 3 and 4. 
On the ?rst and second lead layers 3 and 4 are formed 

electrode layers or terminal electrodes 5 and 6 of a metal for 
external connection. The electrode layers 5 and 6 may be 
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disposed at any position on the ?rst and second lead layers 
3 and 4. Desirably. the electrode layers 5 and 6 are disposed 
at or near the other end of the rapid temperature rise heater 
element which is opposite to the one end where the exo 
thermic section 2 is formed. avoiding the electrode layers 5 
and 6 from being heated to high temperature. 

If the connection portion 20 of the exothermic section 2 is 
of an increased size. there can be a situation where only the 
?rst and second sintered high-resistance. conductive ceramic 
layers 2a and 2b develop heat. depending on the relative 
areas of the components. In this situation. a sandwich 
structure having centrally interleaved a layer 2d having a 
higher resistance may be provided as shown in FIG. 3 so that 
the connecting portion 2c will fully develop heat. 

Desirably. the rapid temperature rise heater element of the 
invention is covered on its outer surface with a protective 
?lm which is chemically and thermally stable. heat resistant. 
and oxidation resistant though not shown. 
The rapid temperature rise heater element of the invention 

has a temperature rise time from room temperature to l000° 
to 1500° C. set within 10 seconds. preferably 1 to 5 seconds. 
Also the heater element generally has an element resistance 
set in the range of 0.5 to 20 k9 although it varies with the 
ranges of applied power and voltage. The exothermic section 
has an electrical resistance which is higher than the resis 
tance of the ?rst and second lead layers by a factor of about 
10 or more. especially by a factor of about 20 to about 1.000. 
This di?erence ensures that the terminal electrodes are not 
heated to an extremely high temperature. Since the resis-, 
tance value mentioned above will increase by a factor of 
about 4 due to PTC characteristics when the element devel 
ops heat to increase the temperature from room temperature 
to 1.000° C.. one approach is to set the resistance value at 
room temperature reduced to about a quarter of the target 
value. 

Desirably. the rapid temperature rise heater element of the 
invention is dimensioned so as to have a thickness in the 
range of about 100 to 2.000 pm. a width in the range of about 
200 to 5.000 pm. preferably about 800 to 3.000 um. and a 
length in the range of about 15 to 70 mm. preferably about 
25 to 50 mm. With a thickness below the range. mechanical 
strength would be low. A thickness beyond the range would 
lead to a too greater thermal capacity. a slower temperature 
rise and a lower thermal impact resistance which will cause 
crack occurrence upon rapid temperature rise. A width below 
the range would lead to low mechanical strength. handling 
di?iculty. and a less thermal capacity. As the conductor is 
subject to more oxidation during long-term operation. the 
proportion of an oxidized stratum increases so that the 
element is greatly affected by oxidatiomA width beyond the 
range would lead to a too geater thermal capacity and a 
lower temperature rise. Even after the heat radiating area is 
increased. the temperature rise would be slow. Thermal 
impact resistance would become low which will cause crack 
occurrence upon rapid temperature rise. With a length below 
the range. it would be di?icult to space the terminal elec 
trodes fully apart from the exothermic section. with a 
possibility of the terminal electrodes being subject to high 
temperature. A length beyond the range would lead to low 
mechanical impact resistance and handling di?culty. 

Desirably. the sintered insulating ceramic layer 1 and the 
?rst and second sintered high-resistance. conductive ceramic 
layers 2a and 2b each have a thickness of about 1 to 1.000 
pm. more desirably about 10 to 500 pm. A thickness of less 
than 1 pm would lead to insufficient mechanical strength. 
occurrence of through-holes. and electrical short-circuits. A 
thiclmess of more than 1.000 pm would lead to a greater 
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thermal capacity, a slower temperature rise and a possible 
failure of the element by thermal impact upon rapid tem 
perature rise. 

Desirably the exothermic section as a whole has a thick 
ness of about 100 to 2.000 pm. more desirably about 500 to 
1.000 mm. A thickness of less than 100 um would lead to 
insu?icient mechanical strength to use in practice. Upon 
long-term operation. the exothermic section would react 
with an oxidized layer which will be formed in the 
conductor. resulting in deterioration of insulation. A thick 
ness of more than 2.000 tun would lead to a greater thermal 
capacity. a time-consuming temperature rise. and low ther 
mal impact resistance. Moreover. from the standpoint of 
exothermic characteristics. the connecting portion 20 of the 
exothermic section should desirably extend about 200 to 
2.000 um forward of the distal end of the sintered insulating 
ceramic layer 1. And the ?rst and second sintered high 
resistance. conductive ceramic layers 2a and 2b should 
desirably be present on the sintered insulating ceramic layer 
1. over a length between 100 pm at minimum. especially 500 
pm at minimum and the length of the sintered insulating 
ceramic layer 1 at maximum Within such a length. the 
exothermic section would have an equally heated region 
enlarged and the occurrence of cracks upon repetitive tem 
perature rises would be minimized. which provides 
improvements in thermal impact resistance and durability. 

In order to provide a more satisfactory rapid temperature 
rise. the exothermic section should preferably occupy l to 
60%. more preferably 5 to 40% by volume of the entire 
volume of the element. 
The ?rst and second lead layers 3 and 4 would have a 

thickness of about 1 to 1.000 pm. 
The sintered insulating ceramic layer 1 is formed of a 

ceramic composition composed mainly of a ?rst insulating 
component in the form of a metal oxide and a second 
conductive component in the form of a metal silicide and/or 
a metal carbide. It is acceptable to use only the ?rst 
insulating component although the addition of the second 
conductive component thereto is preferred for durability 
improvement. 

Preferably the metal oxide is at least one member in 
powder form selected from the group consisting of alumi 
num oxide. zirconium oxide. chromium oxide. titanium 
oxide. tantalum oxide. silicon oxide. magnesium aluminum 
oxide and silicon aluminum oxide (for example. mulite 
3Al2O3'2SiO2 and sillimam'te Al2O3-SiO2). 

Also preferably. the metal silicide is at least one member 
in powder form selected from the group consisting of 
molybdenum silicide. tungsten silicide. and chromium sili 
cide; and the metal carbide is at least one member in powder 
form selected from the group consisting of silicon carbide 
and titanium carbide. The preferred second component is a 
silicide. especially molybdenum silicide. 

In the sintered insulating ceramic layer 1. the ?rst insu 
lating component and the second conductive component are 
desirably mixed in a volume ratio of from 10:0 to 8:2. more 
preferably from 10:0 to 9.3 20.7. especially from 9.8202 to 
9310.7. If the content of the second conductive component 
exceeds 20% by volume. the material would be more or less 
conductive since the insulation by the ?rst insulating mate‘ 
rial is impaired. 

Like the sintered insulating ceramic layer 1. the exother 
mic section 2 is formed of a ceramic composition composed 
mainly of a ?rst insulating component in the form of a metal 
oxide and a second conductive component in the form of a 
metal silicide and/or a metal carbide. The metal oxide. metal 
silicide and metal carbide may be selected from the same 
examples as mentioned above. 
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The compositional ratio of the ?rst insulating component 
to the second conductive component in the exothermic 
section.. which is largely affected by the particle size 
distribution. is desirably set to give a volume ratio of from 
7.5:2.5 to 5.5245. more preferably from 7:3 to 6:4 provided 
that these powders have a mean particle size of about 0.2 to 
2 pm. If the content of the second conductive component is 
less than 25% by volume. the mix material would have a too 
high resistance. If the content of the second conductive 
component exceeds 45% by volume. the mix material would 
have a too low resistance to generate a proper amount of 
heat. 
Where the exothermic section 2 has the structure shown 

in FIG. 3. the high resistance layer 2d portion contains the 
?rst insulating component in a higher ratio than the remain 
ing portion so that the layer 2d has a higher resistance. The 
ratio of the ?rst insulating component in the layer 2d is 
determined by the resistance values of the ?rst and second 
sintered high resistance conductive ceramic layers 2a and 2b 
and the connecting portion 2c which are. in turn. calculated 
on the basis of their dimensions. 

Like the sintered insulating-ceramic layer 1 and the 
exothermic section 2. the ?rst and second lead layers 3 and 
4 are formed of a ceramic composition composed mainly of 
a ?rst insulating component in the form of a metal oxide and 
a second conductive component in the form of a metal 
silicide and/or a metal carbide. It is acceptable to use only 
the second conductive component although the addition of 
the ?rst insulating component thereto is preferred from the 
standpoint of durability. The metal oxide. metal silicide and 
metal carbide may be selected from the same examples as 
mentioned above. 

In the ?rst and second lead layers. the ?rst insulating 
component and the second conductive component are desir 
ably mixed in a volume ratio of from 5:5 to 0:10. more 
preferably from 5:5 to 1:9. If the content of the second 
conductive component is less than 50% by volume. the 
resulting lead layers would have a high resistance causing 
considerable heat generation. 

If desired. the ?rst and second lead layers are layers of a 
metal or alloy applied by baking. thermal spraying. plating 
or sputtering. rather than the ceramic layers. The metals used 
herein include, for example. platinum and palladium. and 
examples of the alloy used herein include stainless steel. 
nickel-chromium-aluminum. and cobalt and yttrium system 
alloys such as Ni-Cr-Al-Y. Co-Cr-Al-Y. Ni-Co-Cr-Al-Y. and 
Ni-Cr. 
The terminal electrodes are formed of palladium. silver. 

nickel. aluminum and solder. for example. Among these. 
electrodes of palladium. silver or nickel are formed by 
baking and electrodes of aluminum are formed by thermal 
spraying. 
The protective ?lm is formed of at least one member 

selected from the group consisting of silica. alumina. titania. 
chromia. and tin oxide. It has a thickness of about 0.1 to 100 
pm. especially about 1 to 100 pm. The protective ?lm may 
be formed by any of oxidation. dipping. sol-gel and coating 
techniques. Note that the dipping technique is to dip the 
heater element in a solution of the selected metal. 

Preferably the sintered insulating ceramic layer. exother 
mic section. and ?rst and second lead layers are sintered 
ceramic bodies formed of ceramic compositions predomi 
nantly comprising an identical ?rst insulating component 
and an identical second conductive component. but di?‘erent 
in blend ratio of the components. This reinforces the bond 
between layers and improves durability. 

In this embodiment. the respective layers may contain up 
to 2% by weight of silicon carbide. Also an alkaline earth 
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14 
metal oxide. yttrium oxide or rare earth metal oxide or a 
compound capable of converting into such an oxide upon 
?ring (for example. carbonates. oxalates and hydroxides) 
may be contained as a sintering aid. More particularly. one 
or more oxides of Ca. Ba. Mg. Y. La. Ce. Sm. Dy. and Nd 
may be contained in an amount of up to 10% by weight. 
especially 0.1 to 10% by weight. Preferably both the ?rst 
insulating component and second conductive component 
have a particle size of about 1 to 50 pm. 
The rapid temperature rise heater element of the invention 

is fabricated by the following method. 
At the start of fabrication. source materials for forming 

the sintered insulating ceramic layer. exothermic section and 
lead layers are ?rst prepared. This preparation is carried out 
by weighing the ?rst insulating component and second 
conductive component both in powder form in accordance 
with the blend ratios for the respective layers. and blending 
them while adding suitable amounts of a binder and solvent 
thereto. ‘ 

Preferably the ?rst and second component powders have 
a mean particle size of about 0.1 to 3 pm and about 0.5 to 
8 pm. respectively. An acrylic binder is the preferred binder. 
Toluene is typically used as the solvent. 

The thus prepared blends are mixed in ball mills. for 
example, into slurries. The mixing time is generally about 3 
to 24 hours. The slurries are applied by a conventional 
doctor blade or extrusion technique to form three types of 
green sheets for the sintered insulating ceramic layer. exo 
thermic section. and lead layers. The green sheets have a 
thiclmess which is previously determined by calculation 
such that the layers as ?red may have a thickness in the 
desired range. 
The green sheets are then stacked so as to provide any of 

the cross-sectional structures shown in FIGS. 1 to 3. Layer 
build-up is preferably carried out by thermo-compression 
bonding under a pressure of about 50 to 2.000 kg/cm2 and 
a temperature of about 50° to 150° C. Layer build-up can be 
done without forming sheets. that is. by repeatedly applying 
the respective slurries by a screen printing technique. 

Thereafter. the layered structure is cut into strips con 
forming to the ?nal heater element con?guration. This step 
requires cutting along the four sides of a rectangllar strip at 
the maximum. 

After cutting. discrete elements are subject to binder 
removal and ?ring. The binder removal is desirably carried 
out under the following conditions. for example. 

Heating rate: 6°—300° C./hour. especially 30°—l20° 
CJhour 

Holding temperature: 250°—380° C.. especially 
300°—350° C. 

Holding time: l-24 hours. especially 5-20 hours 
Atmosphere: air. nitrogen gas. argon gas or nitrogen 

gassteam mixture 
The ?ring is desirably carried out under the following 

conditions. for example. 
Heating rate: 300°-2000° CJhour. especially 500°-1000° 

C./hour 
Holding temperature: l400°-1700° C.. especially 

l500°—l650° C. 
Holding time: 1/2—3 hours. especially 1-2 hours 
Cooling rate: 300°—2000° CJhour. especially 500°-1000° 

C./hour 
The ?ring atmosphere may be vacuum. argon gas. helium 

gas or hydrogen gas. It is desirable to avoid a nitrogen 
atmosphere because the exothermic section. if nitrided. will 
have a negative temperature characteristic. The binder 
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removal-and ?ring may be carried out either independently 
or continuously. 
On the surface of the thus sintered body. a protective ?lm 

is applied. This coating may be effected by dipping the 
sintered body in a dispersion of a coating material or a metal 
alkoxide solution or an alkoxide solution having a coating 
material dispersed therein. If the coating material is silica. a 
silicone resin is applied to the surface of the sintered body. 
followed by ?ring. 

Finally. silver or suitable metal paste is applied and baked 
to the surface of the ?rst and second lead layers at prede 
termined positions to form terminal electrodes. completing 
the manufacture of a rapid temperature rise heater element. 
Further. the terminal electrodes may be electrically con 
nected to lead wires or ?tted in a socket. 
The thus fabricated rapid temperature rise heater element 

of the invention ?nds use as gas igniters and has a drive 
voltage of about 12 to 400 volts which is commensurate with 
automotive batteries. 
Second form 

In the second form of the invention. the ceramic heater 
element includes an exothermic section which is formed of 
a sintered ceramic composition containing a molybdenum 
silicide-aluminum oxide mix material as a major component 
and at least one additive selected from the group consisting 
of carbides of Zr. W. Ta. Ti. Nb. Hf. and M0. The carbides 
used herein are generally in the form of ZrC. WC. TaC. TiC. 
NbC. HfC. and MoC. 
The molybdenum silicide-aluminum oxide mix material 

should have a resistivity of 1x10“2 to 5x 10° 9cm as 
sintered. With a resistivity of less than 1X10’2 Qcm. the 
material has a too low resistance to serve as a heater. With 
a resistivity of more than 5><l0° (2cm. the material has a too 
high resistance so that a temperature of 1.200° C. may not 
be exceeded. 

In the molybdenum silicide-aluminum oxide mix material 
used as a major component of the exothermic section. 
molybdenum silicide and aluminum oxide are desirably 
mixed in a volume ratio of from 40/60 to 15/85. especially 
from 35/65 to 20/80. A molybdenum silicide content of less 
than 15% by volume would lead to a higher resistance 
whereas a content of more than 40% by volume would lead 
to a too low resistance to develop an acceptable amount of 
heat. The molybdenum silicide and aluminum oxide are 
present as distinct phases in the mix and both have a mean 
grain size of about 0.2 to 30 pm. 
The additive in the form of ZrC. WC. TaC. TiC. NbC. 

I-lfC. and MoC is preferably contained in a total amount of 
0.01 to 10% by volume. more preferably 0.05 to 5% by 
volume. especially 0.1 to 3% by volume of the ceramic 
composition. Less than 0.01% by volume of the additive is 
less e?’ective whereas more than 10% by volume of the 
additive would render it dif?cult to fully consolidate the 
composition when ?red without using a hot press. The 
additive is generally present at the grain boundary or asso 
ciation site. In addition to the essential additive mentioned 
above. SiC may be further added to the ceramic composition 
in an amount of about 0.01 to 2% by volume. 
A binder and solvent are added to the above-mentioned 

raw materials and mixed to prepare a slurry. which is applied 
by a doctor blade technique or the like to form a green sheet 
from which the exothermic section is to be formed. In this 
context. the slurry for the exothermic section is sometimes 
called a resistive slurry. 
When the ceramic heater element including an exothermic 

section based on a molybdenum silicide-aluminum oxide 
mix material is used as a rapid temperature rise heater 
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element for use in gas ignition or the like. the exothermic 
section should preferably satisfy the following condition. 
Provided that the exothermic section has a temperature 
coet?cient of resistance in and a ratio R of its resistivity at 
a temperature of at least 1.000° C. to its resistivity at room 
temperature (20° C.). and the heater element has a tempera 
ture T (°C.). R=mTl1000 should fall within the region 
de?ned and encompassed by the straight lines R=Tl 1000 and 
R=3Tll000 in a diagram as shown in FIG. 4 wherein the 
resistivity ratio R is plotted on the ordinate and the element 
temperature T is plotted on the abscissa. By setting the 
exothermic section’s temperature coe?icient of resistance In 
Within the above-de?ned region. the heater element can be 
heated from room temperature to 1.0000 C. within 5 
seconds. but not overheated to above 1.600° C. If the 
exothermic section’s temperature coe?icient of resistance In 
deviates from the above-de?ned region in a lower direction. 
overheating above l.600° C. can occur. and if the same 
deviates from the above-de?ned region in an upper 
direction. rapid heat development would be retarded. 

In the ceramic heater element mentioned above. the 
exothermic section should preferably be supported by an 
insulating ceramic layer. More speci?cally. the ceramic 
heater element preferably has a structure as shown in FIG. 
1. 

In the ceramic heater element including an exothermic 
section of the above-mentioned ceramic composition. the 
sintered insulating ceramic layer 1 (FIG. 1) may be similar 
to that described in the ?rst form Desirably. the sintered 
insulating ceramic layer is formed of a ceramic composition 
composed mainly of aluminum oxide and molybdenum 
silicide. When the sintered insulating ceramic layer is 
formed of a ceramic composition composed of identical 
major components to those of the exothermic section. the 
joint between the sintered insulating ceramic layer and the 
exothermic section is improved. 
A binder and solvent are added to the above-mentioned 

raw materials and mixed to prepare a slurry. which is applied 
by a doctor blade technique or the like to form a green sheet 
from which the sintered insulating ceramic layer is to be 
formed. In this context. the slurry for the sintered insulating 
ceramic layer is sometimes called an insulating slurry. 
The ?rst and second lead layers 3 and 4 (FIG. 1) may be 

the same as in the ?rst form. Like the sintered insulating 
ceramic layer, the lead layers desirably use a ceramic 
composition composed mainly of aluminum oxide and 
molybdenum silicide. When the sintered insulating ceramic 
layer. exothermic section and lead laym's are formed of 
ceramic compositions composed of identical major 
components. the joint of the lead layers to the sintered 
insulating ceramic layer and the exothermic section is 
improved. 
A binder and solvent are added to the above-mentioned 

raw materials and mixed to prepare a slurry. which is applied 
by a doctor blade technique or the like to form a green sheet 
from which the lead layers are to be formed. In this context. 
the slurry for the lead layers is sometimes called a conduc 
tive slurry. 

Desirably the ceramic heater element of the second form 
has the same dimensions as in the ?rst form. 

Also desirably. as in the ?rst form. the ceramic heater 
element of the invention is covered on its outer surface with 
a protective ?lm which is chemically and thermally stable. 
heat resistant. and oxidation resistant though not shown. The 
protective ?lm is formed of the same material as in the ?rst 
form. with silica being especially preferred. The protective 
?lm may be formed by any of oxidation. dipping. sol-gel and 
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coating techniques. with the oxidation technique being pre 
ferred. It is most desirable to form silica on the surface of the 
heater element by conducting electricity through the element 
in an oxidizing atmosphere. for example. air. thereby caus 
ing the element to develop heat to a higher temperature than 
the normal operating state. 

Such conventional ceramic heater elements. especially 
ceramic rapid temperature rise heater elements have the 
problem that if the size is increased for providing a greater 
thermal capacity. the exothermic section be subject to crack 
ing or failure by thermal expansion upon rapid temperature 
rise. This problem is aggravated by the use of molybdenum 
silicide having a higher coe?icient of thermal expansion. 
According to the invention. the structure is improved for 

mitigating the stresses induced by thermal expansion for 
preventing cracking and failure. More particularly. the exo 
thermic section is provided with a space for relieving 
stresses in the exemplary form of a slit or small apertures to 
substantially divide the exothermic section into two or more 
zones whereby stress induction is suppressed to prevent 
cracln'ng and failure of the entire exothermic section. This 
constitutes the ?fth form of the invention. which is the same 
as the ?rst and second forms except for the stress relieving 
space or slit as will be described later. 
The ceramic heater element of the second form is fabri 

cated as follows. The following description refers to the 
fabrication of a ceramic heater element of the structure 
shown in FIG. 1 although the invention is not limited 
thereto. 

At the start of fabrication. source materials for forming 
the sintered insulating ceramic layer. exothermic section and 
lead layers are ?rst prepared. This preparation is carried out 
by weighing the ?rst insulating component (inclusive of 
aluminum oxide as a major component in the exothermic 
section) and the second conductive component (inclusive of 
molybdenum disilicide as another major component in the 
exothermic section) both in powder form in accordance with 
the blend ratios for the respective layers. and blending them 
while adding the additive or metal carbide thereto as well as 
a binder and solvent. 
The thus prepared blends are mixed in ball mills. for 

example. into insulating. resistive and conductive slurries. 
The mixing time is generally about 3 to 24 hours. Using 
these slurries. three types of green sheets are formed for the 
sintered insulating ceramic layer. exothermic section. and 
lead layers. 
The green sheets are then stacked so as to provide the 

cross-sectional structure shown in FIG. 1. Layer build-up is 
preferably carried out by thermo-compression bonding 
under a pressure of about 50 to 2.000 kg/cm2 and a tem 
perature of about 50° to 150° C. 

Thereafter. the layered structure is cut into strips con 
forming to the ?nal heater element con?guration. This step 
requires cutting along the four sides of a rectangular strip at 
the maximum. 

After cutting. discrete elements are subject to binder 
removal and ?ring. The binder removal is desirably carried 
out under the following conditions. for example. 

Heating rate: 6—300° C./hour. especially 30°—120° C.hour 
Holding temperature: 900°—1100° C.. especially 

950°-l050° C. 
Holding time: l-24 hours. especially 5-20 hours 
Atmosphere: air. nitrogen gas. argon gas or nitrogen 

gas-hydrogen-stearn mixture 
The ?ring is desirably carried out under the following 

conditions. for example. 
Heating rate: 300°—2000° Cjhour. especially 500°—1000° 
CJhour 
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Holding temperature: 1400°—1850° C.. especially 

1700°-l800° C. 
Holding time: 1/2—3 hours. especially l-2 hours 
Cooling rate: 300°-2000° C./hour. especially 500°—1000° 
CJhour 

The ?ring atmosphere may be vacuum. argon gas. helium 
gas or hydrogen gas. 

Finally. silver or suitable metal is baked to the surface of 
the ?rst and second lead layers at predetermined positions to 
form terminal electrodes. completing the manufacture of a 
rapid temperature rise heater element. Further. the terminal 
electrodes may be electrically connected to lead wires or 
?tted in a socket. 
On the surface of the sintered body of the heater element. 

a protective ?lm is formed. The protective ?lm is fonned by 
conducting electricity through the element in an oxidizing 
atmosphere. thereby causing the element to develop heat to 
a higher temperature. Preferably the temperature at which 
the protective ?lm is formed is higher than the temperature 
encountered during normal operation. If the temperature 
encountered during normal operation is l.300° C.. for 
example. the protective ?lm-forming temperature should be 
higher than that temperature. especially above l.400° C. It 
is then desirable that the amount of the metal carbide added 
to the exothermic section-forming composition is deter 
mined by taking into account the protective ?lm-forming 
temperature. 

Alternatively. a protective ?lm may be formed on the 
surface of the sintered body by dipping the sintered body in 
a dispersion of a coating material or a metal alkoxide 
solution or an alkoxide solution having a coating material 
dispersed therein. If the coating material is silica. a silicone 
resin is applied to the surface of the sintered body. followed 
by ?ring. Where the protective film is formed by immersion 
in such a dispersion. the terminal electrodes should be 
formed subsequent to formation of the protective film. 
The thus fabricated rapid temperature rise heater element 

‘of the invention ?nds use as gas igniters and has a drive 
voltage of about 12 to 400 volts which is commensurate with 
automotive batteries. 
Third form 

In the third form. the ceramic heater element uses a 
conductor containing a silicide as a conductive substance 
and has a dense silicon oxide protective ?lm formed on the 
surface of the element. 
The conductor contains a metal silicide which is prefer 

ably at least one member selected from the group consisting 
of suicides of molybdenum. tungsten. and chromium. The 
conductor may further contain another conductive substance 
in the form of a metal carbide. The metal carbide used herein 
is at least one member selected from the group consisting of 
carbides of silicon and titanium. The metal sulicide should 
be present in an amount of at least 0.1% by volume of the 
conductor material. 

Preferably an insulating substance in the form of a metal 
oxide is contained in the conductor material for controlling 
the resistance value thereof. The metal oxide used herein is 
preferably at least one powder member selected from the 
group consisting of aluminum oxide. zirconium oxide. chro 
mium oxide. titanium oxide. tantalum oxide. magnesium 
aluminum oxide. and mulite. 
The insulating substance is sometimes referred to as a ?rst 

insulating component and the conductive substance is some 
times referred to as a second conductive component. 
Where the conductor material is used as the exothermic 

section of the ceramic heater element. it should preferably be 
formulated such that the compositional ratio of the second 


































